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(57) Abstract: An exposure apparatus, 
wherein an exposure of a substrate 
(P) is carried out by filling at least a 
portion of the space between a projection 
optical system and the substrate (P) with 
a liquid and projecting an image of a 
pattern onto the substrate (P) through 
the projection optical system and the 
liquid, comprises an air-bubble sensor 
(20) for sensing air bubbles in the liquid 
between the projection optical system 
and the substrate (P). Consequently, the 
exposure apparatus enables to suppress 
deterioration of a pattern image caused 
by air bubbles in the liquid when an 
exposure is carried out while filling the 
space beiween the projection optical 
system and the substrate with the liquid. 
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5S(Z)U>X6 0(4. $fe^S3 6 0 A*^36*rRllii&S&g|J^It4»LTY«i^ 
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6 0<Z>ft*tt6 OAfcfflEPfcolllU t-ftfe^WEPiojjaB^pAi^jB-i- 

H7 (a) |* N aKEPcZ>«ffifzf«f*LTUS$lJS1 8(Z«LT«Hi3te*«!B»t* 
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tmmWMR YlZlli. «*5Pl3^LT/^M©/^->]|E^!ffijgT/t* 
->^fe^^tii.^^d^©m>^1 8l3S8i-i,L#u-(i£'ft?g^IB1S^*xTUi, 0 
CKDL^lvfilkU SL>fi1 8 <D*# 21^^-3 L£o>fii s fe&Ulil oCD5> 3 «y K 
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^\tm&P±lZt$lfzm%-\ 8<D&SfltfR*a*MBBD STf^T&^OT&il* 

ffa U^:rs 7) 0 

#±13 L # l*«l±T?& 5 hWBr L fc«^T t . C O N T KBftffiSfe 

iit5 « -<B£:#x «»»lCONTtt, »ttEP±<DtHJ[©2/3 v h«*£SH 
©**i*4i©B3t«Pt«CJfi*ai«2 0f3j:*fltJai 8©*fcB*fTiK ±IBL#U 

ttit* tb- -tf =f iz «t 5 m^o&giff $g h £ #bs l x is 3 y |s ^ s 

fc£SH' &IB1]gg9M R YllSBtTf* (7fv7S8) 0 R3fe^S<*T«x IBtS 
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fti'JgP^iz >^CD^6«j^i*i^lz^lM:iis^ 2002-1 400 

1-16 8 1 6^fg N ^WBg5 7- 1 1 7 2 3 8^fg s 1 1 

- 2 3 8 6 8 O-Jf&fg. #H 2000-9791 6-s§-&*g N ^1¥4 - 3 2 4 9 
2 3^fg^l3p$ffllIIBSIj^^Tfc«? s ^ti^ti^HHiii^T^Srcli^^ 

B^fcur, ±ft^nMmmtm-xttmm(Dmj&&ftiz^^T&m-(Dtt^ 

19 



WO 2004/053958 



PCT/JP2003/015737 



"**" P L ®«W®«W 6 0 t£® P t omttt** 5 o ^ ^ 
EMX/JOI, 5 ©Erasing L 7i 0 

^eotstrain.j^^^j^ #"2002-1 4oos*s 

« »IW11-ieB1 6*a*. WIK5 7 - , , 7 2 3 8%£S 

1 1 -2386 80«MI, 1W20OO-9 7 9 ie«M|. W4-3 2 

*«E*fc***»6*lTl.*lMM7 1 fc***7 2fc** U aWR7 1 fr 

6«*P±<W**S0**l,Ti«PM (B « B , i=«»* fti , 6WmjSLa 
MAtttCONTtt. **-*X«Ul*70<OIM»*»MM-*fc fc * lc 

«W»8M(WPA«A;wx» BWf)MM||:i *MHIWP A* 
bitoSK^a^,^, tMt«7 1 5«M7 2ttJMBlw,p At 




20 



WO 2004/053958 



PCT/JP2003/015737 



*pomm*a<D*****izt#T** 0 ? 70©* 
mz^Ti*. mxtmmve- 3714 9*&mzpmizKm*tiT* r> * 

MMRCCONTU. 7*-*^«tb*7 0<D«m*Jllt»^t,T. 
- Attain P S TD^LT»f-vP S TOZ7f->'5 1 ( B 1 #JfR ) 

z^-vsm, 7*-* x *ai*7o©*iattj|ita6^ <tj> p i | B 
™*r u fc*m* l a ftaa^rttft 2 e 2 1 tmv e> tiT n * . m 1 

* W# 8 1SUV2 3fe W# B2I4, P L *«<D*¥ft ? 6 0 J* 

*1*Wtt8iaim2^.82li, *3fe3fcEL6>3t»air«gp 



p u-ci*. ate*** p l l 

21 



WO 2004/053958 



PCT/JP2003/015737 



(■1#M) fr6*#5 0*WRP±ttt|ft*t lfto g=£ % 3^»6 0 4:WR 
M« A R ft<St£ffi| P A (D±T*m.r> X -5 ftflr«0ttS fc ft o £ « N » M 

(D^miz^m (mm) iti»5. MP±iz*aMraAROTBrt**i % 3**5 o 

fit* 1 8 1 2 *¥£Ptt 8 2 CD«4lM(D«1lf LT U 3*» 

tfet>TI4 N 7*-*^«ai*7 0OM3R7 1 fr&»tii**ifc*d53teL aXtf 
S4EP±l^fcltSS»^L a©3feK<z>o*iR1 3feW«8 1 i:*2^SP*t8 2 
fca>nB0)*BI*±r«K*5 0T»fc**i» o *tt#La<D*||(D±T#« 

fc*W3fcL att. «*P±0)»«*46*P LOtJUgmp AIZJ«lt*ti*J:-3lz 
RftSftTU*. fcfc\ S»««PA©m W3»«fi*PAJZ«LT«EP 

z<hft< N *1^»**8 iRtfjftaimARcDiftfrso^aaurftgp (& 

R(D»#: 5 0&V»2^tW8 2 LTMi 7 2 l»SI«(ttTS%$ti 

tf*#*7 2l3»***i*fc*. *»li*ARI4l9f^©«»|3JBj5g^tiTt^o 
ZCD^d. 7 7 0flD*^7 2 ©£U*(3g^UTx i^La 

22 



WO 2004/053958 



PCT/JP2003/015737 



oaem p a tzmmt te*stz**T** s p a ****** e l 

*tb*7 0tt. S^7 2^I3S^ ■**ELO*B*c*#5 07?» 
**>\ -Tit ^l5t?W8 1 tJR2»W#8 2tttSiM3ajiLfcaJ 

«^LT»a«*ARO»ft5Ot««^aitt0rt«|]ii| : tt*f53k 
fc**. JW«*AR2fl>««*M*lZ|t»**CfcffT.#*. *fc x 
' J,:fcl,Ilt »1**»#8 iail»2*Wtt8 2WamPLWtL 
™ L TSS,t e> tlT # % ***** P L a>*?ft? 6 0 6 *i 



&*>\ ±E»1 . I2ftm8 1 , 8 2©iiHTaD«afW»ttir^j :lB j, tt 
ftt*AR(D**5 0tt*W#©*#»«irt MLa < &ftfci6x »»il*A 

■ 1 Ott. «ili«AR©»#5 0^ttSl 8WttLT^«g t5tB 
*9x **5 0*|;:Alft 1 8tf**«* % ***7 2l«%** lft 

****** («T) «. urc*<oT. 7*-*^ai»7or4, §^ 72 

23 



WO 2004/053958 



PCT/JP2003/015737 



•wMWiPAtnttttn, ?*-***a*7oi*. m72o 
*«*»ELO) J iai i .»#6o- c *fe** l Ti,*a.B*.*« 1 br* = ti<Tt* 

8 2«Mm (>t<* S «B) CfM|LTl»»«il 8C, akOWBPit^T 
l<»«» (W) IW , C> MMWARffl^so*^, 8 

3 «b #T 



•out. etwtwm,^ a4SP± 

1 8 C ) lit, -65^ MWARMWH-w^jo^^ 

»*tt18tWit*ltm». MMMtCONTB. 

*7 05ff ffl Lr*ffiPfflB{igtffg4^ il i Lo - 3|s ^ JfflsSff - 7*..^ 



WO 2004/053958 



PCT/JP2O03/015737 



«ft» 1 8 «WK P OMCffoTX* 5 0 + LT«** E L ©*HLtr 

•±««**ife«u »PW»6 0i:f#tnw:, *<d«»i 8 «tt 

***** 7 o (DdjAiza^-cftcaj 1 s tmwt e l a>3t»±**tE P± , 3iB 

ft**©*** fC»^tiT. 7*-***a*7 0tt«i1 8<D(ft. 

*l*l»Hll3«lirW**#l* 0 IMIttCONTtt, »«>«Ha*L«©-3 

*fc, B1 IKtSIM:^ «^PL(Z)^I?6 0tSlPt« 

25 



WO 2004/053958 

PCT/JP2003/015737 

■cwr (Ml) tTi.*i,. Eo^r*. ° * ' M ** fB2,w> 



26 



WO 2004/053958 



PCT/JP2003/015737 



2*«wa 2 tro ^^ L 1MWW! o-w fc * n . t . »«** 



27 



WO 2004/053958 



PCT/JP2003/015737 



hTnsc«,«fc 6 r. a«RPio#Miii = js«tar i h SttulJtLa 3 > La4 La 
5 & ***** 7 2 icm^ffljtjfcarTra* * ft* i - vsmvs, s „ 

»«StCONTI t . *WP**»1-«W«»- i ,p 8TaHM 
W?M " T ~ *»«* C 0 " T WWW*- ,« SwSfi p rox , ^ 

e (mm s 8 ) a>ea«»s4? to *«, T , B « SBM R Y l=BB LTfc < 

B *«a+ % SJ8HSIBCONTI4. W5 8*tO«Poi,s, 
■ E2«C«U*1. a Wttftw s tSBMBM R Y CH,*^ 

l'»«POI,9gEBttWitMLT»l»t». mas 6C» 

T/i. S3t«7 2<oai»6«fSL. B«*ra*tg«*- 5l , zi*s-trj;o 



01 4tt, *»Bfl)»DW«MI* ai1 . BreM . WHBhicmmw,,^ 



28 



WO 2004/053958 

PCT/JP2003/015737 

^ ***P-tl-*»»rt-S. =©J:a4« (a ,. J:o 

^ iii; T * ********* . o .»« t 



WO 20M/OS39S8 



PCT/JP2003/015737 



<W"3"») SffiP±^1/ n , rats 

[r1±T5o 



«m («■«». ©■BC»i,* JMtru _ K7 . fc37 . 

30 



WO 2004/053958 



PCT/JP2003/015737 



31 



WO 2004/053958 

PCT/JP2003/015737 

«««««««« ^iTrf:;'" 1 -^- 



32 



WO 2004/053958 



PCT/JP2003/015737 



Mm*., K, (CCD) MUttU^w,^, 

*' T " M ' *'-S"= , -'=''*-**»l»!fc«HU *ID»fF5, 6 2 3,8 5 
3»t>5,5 2 8,1 1 6l: H f^ T£0 , **i**i*B*ai«Tr«!S*Mi« 

•X*-S>PST, MBTanifcutt, =aWBE«B«B«Lfc«S 

l«J:^l=, 7t-A«t Ml ,t )BMr j l (jyt) EJiffLTtAU. CCDS 

*"»*5. 5 2 8.1 , 8 (Mfl . 1 66475 

•W*fc»«0Cai,T, Ze*KOB«l*tt«aa UT*3MWtoHitt 



5 



o 



▼ X * X ,- - ; >- M S T onus J: g JHfef* Jt* » . P L Cfifc 



to 
33 



WO 2004/053958 



PCT/JP2003/015737 



fi*fflM**tt. mm. * BWS 5,874,8 20 ( BSS¥8 _ 3 3 0 2 2 



34 



WO 2004/053958 

PCT/JP2003/015737 



35 



WO 2004/053958 



PCT/JP2003/015737 



■ S ^^t Ma3aM£ta)IBSlStt|BSSE;&|SDt 



:»«„ 



E * ***** i ce«®«* Mo 

36 



WO 2004/053958 



PCT/JP2003/015737 



14 «S»«Ha*tt. «EWB« a ) J |MM.ffl 10 , t » (B1 . 4 , 1:t 



1 5. STiBSM**ai»li, ««i«*<03iai4.«» 7 . J | &4ftTt , lll>sait 

37 



WO 2004/053958 

PCT/JP2003/015737 

**+*zt*mkft*mm size******. 

****** - - ********* 1 s 



1 8. HBWMta*^ KWBS^t^c^^ , 



2 1 . 



38 



WO 2004/053J>58 



PCT/JP2003/015737 



23. memtimmmxoaMtz*^ mMma>mm^ m 



^»«*»*«*«m*, Et t W .^ lWMI20I=lia|(01ljM|fBc 
****** 2 otzemmmimm. ssa 

'I*J^2-" % 1 3 * tf20a, " t '* l * , - , « c a««>«*««*«K* 



39 



WO 2004/053958 



PCT/JP2003/01573"? 




WO 2004/053958 



PCT/JP2003/015737 




2/16 



WO 2004/053958 



PCT/JP2003/015737 



Fig. 3 




3/16 



WO 2004/053958 



PCT/JP2003/015737 



Fig. 4 

22B 




4/16 



WO 2004/053958 



PCT/JP2003/015737 



Fig. 5 



S1 



S2 



S3 



S4 



S5 




I 



S8 

1 



zzzxz — 



I 




YES 



S7 

1 



5/16 



WO 2004/053958 



PCT/JP2003/015737 
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